This Section of Epidemiology and Psychiatric Sciences regularly appears in each issue of the Journal to cover methodological aspects related to the design, conduct, reporting and interpretation of clinical and epidemiological studies. The aim of these Editorials is to help developing a more critical attitude towards research findings published in international literature, promoting original research projects with higher methodological standards, and implementing the most relevant results of research in every-day clinical practice. Activation likelihood estimation (ALE) meta-analyses allow investigators to integrate the results of multiple neuroimaging studies, potentially yielding novel results that may not have been evident in the individual studies. Here, we provide a brief, introductory description of ALE methods for readers without extensive expertise in neuroimaging.
The application of neuroimaging techniques to the investigation of psychiatric disorders has generated a burgeoning literature in the last two decades. Owing to the heterogeneity of sample characteristics (e.g., sample size, sex ratio, age range, inclusion of comorbidities) and analytical procedures (e.g., experimental paradigms, statistical approaches) (Purgato & Adams, 2012) , different neuroimaging studies assessing a particular brain process or mental disorder often yield heterogeneous results. As a way to possibly address this challenge, neuroimaging meta-analytic tools have been introduced, allowing researchers to integrate findings from individual neuroimaging studies and identify those brain regions showing the investigated effect robustly over multiple experimental settings and samples. Among neuroimaging metaanalytic procedures, activation likelihood estimation (ALE) (Turkeltaub et al. 2002; Eickhoff et al. 2009 Eickhoff et al. , 2012 represents the most commonly used approach.
We will primarily consider the meta-analysis of functional magnetic resonance imaging (fMRI) studies, although the same concepts and methods apply to other types of MRI data (e.g., structural MRI analysed by a particular approach called 'voxel-based morphometry') or to investigations using other neuroimaging techniques (e.g., positron emission tomography). The purpose of an fMRI study is to identify the brain regions that undergo changes in activity (either increase or decrease) during a task that is performed while the subject lies in the MRI scanner (e.g., pressing a button when the colour of a visual stimulus changes, to assess attention functions). When applied to the investigation of psychiatric disorders, the goal of fMRI studies is usually to identify those brain regions which are hypo-or hyper-active in patients relative to healthy individuals (or, more rarely, relative to patients with other disorders) (Chiesa et al. 2011; Bellani et al. 2012) .
Importantly, neuroimaging results almost always report tables listing the location in the brain of the peaks of hypo-or hyper-activation (the so-called 'foci' of differential activation) as three-dimensional coordinates, i.e., with reference to spatial axes in a standard reference space (Fig. 1a) . ALE builds on this high degree of standardization to statistically evaluate the brain locations in which the convergence of reported activations across studies is higher than would be expected by chance. In the clinical context, the fundamental question in ALE is thus: 'Where have hyper-or hypo-activation foci in a particular disorder consistently been reported across studies?' In evaluating this question, it is important to take into account that the coordinates reported in MRI studies are associated with some degree of spatial uncertainty (for a more detailed discussion on the factors contributing to this uncertainty, cf. Eickhoff et al. 2009 ). The key idea behind ALE is thus to represent the foci reported in the individual studies not as 'exact' points but rather by treating them as centres of a tridimensional Gaussian probability distribution (Fig. 1b) , with the centre indicating the highest probability of activation. This procedure is performed for each focus of each study included in the meta-analysis and yields a probabilistic location of the effects reported in that particular study. Afterwards, the probabilistic data are pooled across all individual studies. This is done separately for each volume unit in the brain, known as a 'voxel', by computing for each voxel the union of these probabilistic values, denoting how likely it was the true location of a focus across all studies. The value obtained with this procedure is termed the 'activation likelihood estimation (ALE' for that particular Finally, the issue is to differentiate random convergence, i.e., overlap that occurs by chance, from that which reflects consistent findings across studies. To this purpose, ALE values in each voxel are compared with the values that would be obtained under the nullhypotheses of random spatial association. That is, we simulate what ALE values would look like if any spatial convergence was just random and then only retain those values that are highly unlikely to arise by chance, i.e., which exceed a certain statistical threshold. From this approach, it follows that ALE can be applied only to studies that explore the whole brain, since studies focusing on a priori regions of interest (ROIs) violate the assumption that the likelihood of activation, under the null hypothesis, is equal in every part of the brain. Finally, the output of the ALE procedure, indicating regions of above-chance convergence across studies, is visualized on a brain template where areas of consistent hyper-or hypo-activation across studies are indicated with colours (Fig. 1c) .
The application of ALE has allowed pooling data to better understand the neural correlates of several brain processes [e.g., working memory (Rottschy et al. 2012) ] or psychiatric disorders [e.g., schizophrenia (Minzenberg et al. 2009 ); attention-deficit hyperactivity disorder (Cortese et al. 2012) ]. It thus allows investigators to draw more generalizable conclusions about the locations of physiological and pathological processes. More detailed information on ALE can be found at: http://www.brainmap.org/ale/.
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